Background and objective: Noninvasive prognostic tools for colorectal cancer (CRC) are urgently needed. This study was designed to investigate the prognostic value of preoperative serum lipid and lipoprotein concentrations (including ApoA-I, Apo-B, HDL-C, LDL-C, TC and TG) and CRP levels retrospectively in CRC patients. Methods: Preoperative serum lipid and lipoprotein concentrations (including ApoA-I, Apo-B, HDL-C, LDL-C, TC and TG) and CRP levels were analyzed retrospectively in 250 patients with CRC. The prognostic significance of these indexes was determined by univariate and multivariate Cox hazard models. Results: CRC patients with higher levels of ApoA-I and HDL-C and lower levels of CRP had significantly longer overall survival (OS, log rank test, p<0.05). Based on univariate analysis, ApoA-I levels (p=0.002), CRP levels (p=0.007), HDL-C levels (p=0.005), pT classification (p=0.005), pN classification (p<0.001), pM classification (p<0.001) and pTNM stage (p<0.001) were significantly associated with OS. Multivariate Cox proportional hazards regression analysis indicated that ApoA-I levels (HR: 1.52, p=0.023), CRP levels (HR: 1.85, p=0.035) and pTNM stage (HR: 2.53, p< 0.001) were independent predictors of CRC survival. The included patients were then stratified into three tiers based on the ApoA-I and CRP levels. In the whole cohort, the OS and disease-free survival differed significantly between the lowrisk (ApoA-I≥1.08 mg/dL and CRP<3.04 mg/dL), medium-risk (ApoA-I≥1.08 mg/dL or CRP<3.04 mg/dL), and high-risk (ApoA-I<1.08 mg/dL and CRP ≥3.04 mg/dL) groups (p=0.001 and p=0.004). Conclusion: Decreased levels of ApoA-I and HDL-C and increased levels of CRP were predictive of poor prognosis among patients with CRC. In addition, the combination of ApoA-I and CRP can serve as a novel prognostic stratification system for more accurate clinical staging of CRC.
Introduction
Colorectal cancer (CRC) is one of the most common forms of cancer worldwide. CRC accounts for 8% of all cancer-related deaths, representing the fourth most common cause of death from cancer. 1 Moreover, the incidence of CRC is rapidly increasing, and the substantial interest in identifying potential prognostic factors for CRC has kept pace with the increasing incidence of this disease. Although many serum biomarkers have been reported to predict the survival of CRC patients, the sensitivity and specificity of these markers are limited; thus, these markers are not entirely reliable. [2] [3] [4] Therefore, it is necessary to identify accurate biomarkers for CRC to improve the clinical outcome of patients. Lipids are composed of fats (triglyceride, TG) and lipids (phospholipid, cholesterol and cholesterol ester). Lipid metabolism involves the process of lipid synthesis, storage and degradation. 5 Abnormal lipid metabolism has been shown to be closely related to tumor progression in several cancer types and under inflammatory conditions. 6, 7 In rapidly proliferating cancer cells, cholesterol synthesis is enhanced because excess cholesterol is needed to maintain a high rate of proliferation, and the requirement of metabolic intermediates for macromolecule production is overwhelming. 8 Accordingly, cancer cells coordinate the activation of lipid anabolic metabolism and the corresponding signaling networks for membrane formation, energy storage, the production of signaling molecules, and as an important energy source to generate ATP via fatty acid oxidation under energy-deficient conditions. 5, 9 Evidence for the activation of lipid metabolism in tumor cells can be produced by quantifying the products of lipid metabolism, such as apolipoprotein A-I (ApoA-I), in the serum from some cancer patients. [10] [11] [12] ApoA-I is the major protein component of high-density lipoprotein-cholesterol (HDL-C), 13, 14 which can also function as an enzyme cofactor, receptor ligand, and lipid carrier in the regulation of lipoprotein metabolism. 7, 15, 16 Many studies have shown that ApoA-I has atheroprotective functions, including anti-inflammatory, antiapoptotic and antioxidant activities. [17] [18] [19] Chronic inflammation, oxidative stress, lipids, and cholesterol have been associated with tumorigenesis. [20] [21] [22] Given the beneficial effects of ApoA-I against these atherogenic processes, it was somewhat intuitive to hypothesize that ApoA-I may also be protective against cancer. ApoA-I may suppress tumor growth and metastasis primarily via the modulation of innate and adaptive immune responses. 23 In the past ten years, a correlation of ApoA-I levels with disease risk has been observed for many cancer types. High levels of ApoA-I prior to chemotherapy were correlated with better overall survival in ovarian cancer (OC) 24, 25 and nasopharyngeal carcinoma (NPC). 26 Lower serum ApoA-I levels were associated with higher risks of breast cancer 6 and pancreatic cancer. 12 It has been reported that the plasma concentrations of HDL-C and ApoA-I were inversely associated with the risk of colon cancer. 27 However, the prognostic value of serum ApoA-I levels for the overall survival of patients with CRC remains unclear.
In the present study, we retrospectively investigated the prognostic value of ApoA-I for overall survival among patients with CRC and then evaluated the relationship between ApoA-I levels and clinical characteristics. In addition, high levels of C-reactive protein (CRP), as well as inflammatory cytokines IL-1A, IL-1B and IL-8, were previously reported as predictive of survival in a much larger cohort of CRC patients. [28] [29] [30] Therefore, we combined ApoA-I with CRP levels to serve as a prognostic stratification system for CRC to more accurately delineate meaningful prognostic subsets of the study population.
Materials And Methods

Patient Selection
A retrospective review was conducted by analyzing data on 250 patients (age range, 26-85 years; median age, 58 years) who underwent surgery at Sun Yat-Sen University Cancer Center (SYSUCC; Guangzhou, China) as a primary treatment for CRC between January 2008 and December 2010. All patients met the following eligibility criteria: 1) pathologically confirmed diagnosis of CRC with no previous or coexisting cancer; 2) no therapy prior to serum collection; 3) no concomitant disease that has been associated with increased serum lipid levels (i.e. diabetes, hyperlipidemia, or metabolic syndrome); and 4) no hormone replacement therapy or use of any drugs known to affect lipid metabolism. The experiment was approved by the Institutional Research Ethics Committee of SYSUCC, Guangzhou, China, and written informed consent was obtained from each patient for the use of their biological samples for genetic analysis. This study was conducted in accordance with the Declaration of Helsinki.
Detailed clinical and pathological characteristics, including demographic variables, smoking history, alcohol history, pathological tumor node metastasis (pTNM) stage and overall survival, were available for all patients. Overall survival, defined as the time from surgery to death or the most recent follow-up, whichever occurred first, was used as a measure of patient prognosis. At the latest follow-up, 68 deaths occurred among the 250 patients examined.
Laboratory Measurements
The serum levels of ApoA-I, ApoB, CRP, HDL-C, lowdensity lipoprotein cholesterol (LDL-C), total cholesterol (TC), and triglycerides (TG) were collected from the preoperative medical records of the patients studied. Peripheral blood samples drawn from patients less than 2 weeks prior to surgery were measured using a Hitachi 7600-020 automatic biochemical analyzer (Hitachi Co., Japan) in the clinical laboratory of the SYSUCC. The TC level in whole serum samples was measured using the CHODPAP method; HDL-C and LDL-C were detected via the selective elimination method (direct method) and the selective protection method, respectively. Serum TG levels were measured using the GPO-PAP method. ApoA-I and Apo-B levels were measured via immunoturbidimetry. All test kits were provided by Wako Pure Chemical Industries, Japan. The serum level of CRP was determined via latex immunological transmission turbidimetry, and the associated assay kits were provided by Sekisui Medical Co., Ltd., Japan.
The results are reported as either mean or median values, depending on the type of distribution. Then, the variables (ApoA-I, HDL-C, Apo-B, TG, TC and CRP) were categorized using median values as cut-off points, except that the cut-off point for LDL-C was based on the mean±SD. Therefore, an ApoA-I level of 1.08 g/L, an HDL-C level of 1.18 mmol/L, a TG level of 1.29 mg/dL, a cholesterol level of 5.08 mg/dL, an LDL-C level of 3.18 mg/dL, an Apo-B level of 0.97 mg/dL and a CRP level of 3.04 mg/L were selected as the cut-off points for the survival analysis. The interrelationships of clinicopathologic features, serum levels of ApoA-I, ApoB, CRP, HDL-C, LDL-C, TC and TG and the cancer prognosis were analyzed. Each patient returned to a specified division of SYSUCC on a semiannual basis for clinical follow-up visits, and follow-up information was recorded until death or at a maximum of 82 months (median: 45 months, range: 0-82 months) at the time of study completion (March 2016).
Statistical Analysis
Statistical analysis was performed using IBM SPSS version 20.0 for Windows (IBM Co., New York, NY). All reported P values were two-sided, and P values<0.05 were considered statistically significant. The correlations between lipid profiles and clinical characteristics were assessed using the Mann-Whitney U-test, the associations of LDL-C levels with clinical characteristics were evaluated using independent t-tests, and the analysis of TNM stage was conducted with the Kruskal-Wallis test. The chisquare test (χ 2 test) was also conducted to assess the association between the ApoA-I levels and the observed clinical characteristics of the CRC patients. Survival curves were plotted via the Kaplan-Meier method, and the log rank test was used to compare the differences in survival curves between groups and, the Cox proportional hazard regression model was employed to determine hazard ratio estimates. All variables shown to be significant based on the univariate analysis were then evaluated in a multivariate Cox proportional hazards model to identify the independent variables that were predictive of CRC patient survival.
Results
Lipid Profiles And Their Correlations With Clinical Characteristics
The relationships between the lipid profiles and the clinical characteristics of the patients are summarized in Table 1 . Specifically, the patients who were female, had no alcohol history or metastasis and were classified as T1-T3 exhibited significantly higher ApoA-I levels (p=0.001, p=0.017, p=0.01, and p=0.001, respectively). Additionally, the HDL-C level was significantly correlated with gender, tobacco history, alcohol history, pT classification, and metastasis (p=0.001, p=0.05, p=0.043, p=0.027, and p=0.047, respectively). Furthermore, patients aged 58 years exhibited higher ApoB levels (p=0.044). In addition, elevated TC levels were associated with gender and tobacco history (p=0.003 and p=0.036), and patients classified as T4 and M1 exhibited higher CRP levels (p=0.001 and p=0.026, respectively). However, none of the clinical characteristics was significantly associated with the LDL-C level. (Table 1 )
Kaplan-Meier Survival Analysis Of The Levels Of Independent Predictors In CRC
To evaluate the prognostic value of pretreatment ApoA-I levels in CRC patients, the associations of clinical characteristics (including age, gender, tobacco history, alcohol history, pT classification, pN status, pM status, pTNM status, CRP levels and lipid levels) with overall survival were evaluated via univariate and multivariate analyses. As shown in Table 2 ) Furthermore, the Kaplan-Meier method was used to plot survival curves and to estimate the prognostic significance of ApoA-I and the other six independent predictors of overall survival and disease-free survival for CRC patients. As shown in Figure 1 , the log rank test revealed that higher CRP levels (p=0.005), lower ApoA-I and HDL-C levels (p=0.006 and p=0.010, respectively), pT classification (p=0.020), pN classification (p=0.001), pM status (p=0.001) and pTNM stage (p=0.001) were predictive of poorer overall survival among patients with CRC. In addition, the elevation of ApoA-I (p=0.007), CRP (p=0.048), and HDL-C (p=0.016) levels, pT classification (p=0.021), pN classification (p=0.001), pM classification (p=0.001) and pTNM stage (p=0.001) portended poorer disease-free survival for CRC patients. (Figure 2) Relationship Between ApoA-I Levels And Clinical Characteristics In 250 Patients With CRC
The relationship between median serum ApoA-I levels and clinical variables in 250 CRC patients is shown in Table 3 . In the entire cohort, ApoA-I levels were not associated with age, tobacco history, pN classification, pTNM stage, TG levels or ApoB levels. ApoA-I levels were significantly higher in women than in men (p=0.001) and were higher in patients who did not have a history of alcohol use than in those who did (p=0.017). However, the presence of metastasis (p=0.010) and higher T classification (p<0.001) were associated with decreased ApoA-I levels. Furthermore, in CRC patients, increased median ApoA-I levels were significantly associated with higher serum levels of HDL-C (p=0.001) and TC (p=0.001). The CRC patients with higher CRP levels (p<0.001) displayed significantly decreased median ApoA-I levels. (Table 3) In the entire cohort, 126 patients displayed lower ApoA-I levels (<1.08 mg/dL), and 124 patients displayed higher ApoA-I levels (≥1.08 mg/dL). The distribution of the clinical characteristics of the included patients in the two groups stratified according to ApoA-I level are also presented in Table 3 . The chi-square test showed that differences in gender (p=0.001), alcohol history (p=0.025), pT classification (p=0.001), pM classification (p=0.002), pTNM stage (p =0.023), CRP levels (p=0.001), HDL-C levels (p<0.001), LDL-C levels (p=0.043), and TC levels (p=0.002) between the two groups were statistically significant. In contrast, age, tobacco history, pN classification, and TG levels were similar between the two groups.
A Novel Prognostic Stratification System Based On The Combination Of ApoA-I And CRP Levels
Because ApoA-I and CRP were independent risk factors for patients with CRC in this analysis, combining ApoA-I and CRP concentrations produced a novel prognostic stratification system in which the differentiated subsets more accurately reflected the actual outcomes of patients with CRC. The patients were classified as follows: low risk (ApoA-I level≥1.08 mg/dL and CRP level<3.04 mg/dL), medium risk (ApoA-I level≥1.08 mg/dL or CRP level<3.04 mg/dL), or high risk (ApoA-I level<1.08 mg/ dL and CRP level≥3.04 mg/dL). In the entire CRC cohort, patient overall survival and disease-free survival differed significantly according to group (Figure 3A ; p=0.001, Notes: Mann-Whitney U-test was used in Table 1 , except that the associations of LDL-C levels with clinical characteristics were evaluated using independent t-tests, and the analysis of TNM stage was Kruskal-Wallis test. &TNM denoted tumor-node-metastasis. Bold italics indicate significant differences(p<0.05). Figure 3B ; p=0.004, respectively). The mean overall survival durations of the low-, medium-, and high-risk groups were 83.2 months (95% CI: 77.2-89.2; n=75), 61.8 months (95% CI: 56.5-67.1; n=99), and 52.6 months (95% CI: 45.3-59.9; n=76), respectively. We also analyzed the prognostic value of this prognostic stratification system in selected CRC patient subgroups stratified according to TNM stage. In TNM stage Ⅰ, Ⅱ and Ⅲ populations, the overall and disease-free survival durations of the CRC patients were not different between the three groups ( Figure 3C-H) . The overall survival was significantly different between the three groups of patients classified as TNM stage IV (n=58, p=0.01, Figure 3I ). Furthermore, for TNM stage IV CRC patients, the disease-free survival duration was also significantly different between the three groups (n=58, p=0.041, Figure 3J ). 
Discussion
In the present study, the prognostic values of lipids, including ApoA-I, Apo-B, HDL-C, LDL-C, TC, TG and CRP, in patients with CRC were evaluated. Based on univariate Cox regression analyses, pT status, pN status, pM status, pTNM stage, and serum levels of ApoA-I, HDL-C and CRP were associated with the overall survival of CRC patients. Additionally, multivariate analysis showed that pTNM stage, ApoA-I levels and CRP levels were independent prognostic indicators of CRC patient survival. Moreover, based on Kaplan-Meier survival analysis, higher levels of ApoA-I or HDL-C were significantly predictive of longer overall survival, whereas higher levels of CRP predicted poor overall survival. Therefore, ApoA-I and CRP before therapy may serve as novel independent prognostic factors for CRC. After adjustment for clinical characteristics, the ApoA-I level was associated with gender, alcohol history, pT classification, pM status, TNM stage and serum levels of CRP, HDL-C, LDL-C and TC. Because the detection of ApoA-I is simple and inexpensive, this parameter is widely used in clinical laboratories to reflect lipid metabolism. Therefore, using ApoA-I as a prognostic biomarker for overall survival among CRC patients is convenient and acceptable. However, the role of ApoA-I in carcinogenesis and CRC pathogenesis is complex and multifactorial, and the associated mechanisms are not entirely understood. This lack of knowledge limits the application of ApoA-I as a prognostic factor in clinical settings. Angiogenesis is a complicated process requiring the coordinated action of a variety of growth factors and cell adhesion molecules in endothelial and mural cells, and this process plays a critical role in the growth and metastasis of solid tumors. 31 Vascular endothelial growth factor (VEGF) and basic fibroblast growth factor (bFGF) are critical proangiogenic factors involved in all phases of angiogenesis, including the growth, migration, and differentiation of endothelial cells. 32 A two-fold to four-fold increase in VEGF expression leads to considerable tumorigenic competence in CRC. 33 FengGao and Farias-Eisner showed that ApoA-I mimetic peptides reduced tumor angiogenesis 34 and suppressed tumor growth and development in mouse models of ovarian cancer. 35 The results of these studies can better help clarify the mechanisms underlying the function of ApoA-I in tumor prevention. Lysophospholipids, such as lysophosphatidic acid (LPA), are well-known activators of proliferation in many cancer types. LPA from the circulation or produced by tumors binds to LPA receptors and stimulates the production and secretion of proangiogenic factors, including VEGF. VEGF binds to VEGFR2, activates downstream signaling molecules, and induces angiogenesis. One plausible mechanism for the antitumor activity of ApoA-I is that ApoA-I inhibits LPA-induced VEGF production, thus blocking the VEGF-mediated activation of VEGFR2 and downstream signaling pathways, consequently suppressing tumor angiogenesis. In addition, Zamanian-Daryoush et al demonstrated that ApoA-I may exert antitumor effects indirectly by altering the function of macrophages and modulating the basic elements of both innate and adaptive immunity. 23 Our results showed that patients with lower ApoA-I levels had significantly poorer overall survival, and this finding is consistent with the results of these previous studies. However, the mechanisms underlying the function of ApoA-I must be further explored.
Inflammation is a hallmark of cancer, and many studies have indicated that chronic inflammation is associated with an increased risk of developing CRC. [36] [37] [38] [39] CRC is a wellrecognized marker of inflammation. 40 Ishizuka demonstrated that an increased CRP concentration was a strong independent prognostic factor of CRC. 41 Our results showed that CRC patients with higher CRP levels also had poorer overall survival. Additionally, the level of CRP was associated with pT status and pM status, as well as the ApoA-I level. In addition to its known functions, ApoA-I also possesses anti-inflammatory and antioxidant properties. ApoA-I mimetic peptides inhibit inflammatory responses via their remarkable ability to bind to and remove bioactive lipids, such as LPA, from the circulation. 42, 43 Moreover, patients with moderate or advanced disease exhibited lower ApoA-I levels and higher CRP levels than patients with early-stage disease, and this more advanced disease stage led to shorter overall survival. Considering the opposing effects of ApoA-I and CRP on CRC development, the combination of ApoA-I and CRP concentrations served as a novel prognostic stratification system that separated patients with CRC into three significantly distinguished risk groups that more accurately reflected the actual outcomes of CRC patients. In the entire CRC cohort, patient overall survival and diseasefree survival differed significantly between the low-risk, medium-risk and high-risk groups. Additionally, the prognostic grouping system was effective in stratifying the selected patient populations. The overall survival and disease-free survival were significantly diverse between the low-risk, mediumrisk and high-risk groups in CRC patients who were classified as TNM stage IV. However, there were no significant differences between the three groups in terms of TNM stage I, stage II and stage III. The low-risk and medium-risk groups showed better prospective overall survival than did the high-risk group among patients with advanced disease.
Although ApoA-I was reported to be a prognostic factor in several malignancies, this study is the first to combine Apo-I with CRP as a novel prognostic stratification system for the overall survival of colorectal cancer patients. Although our study is based on a relatively large sample size with a long follow-up period, it has some limitations. Similar to all other retrospective studies, our study is inevitably subject to multiple biases.
In summary, we analyzed the clinical prognostic significance of preoperative lipid profiles and CRP levels in 250 CRC patients. In this study, ApoA-I and CRP were independent prognostic factors for CRC in both the entire cohort and subpopulations stratified according to T classification, N classification and metastasis status. Prognostic markers for CRC are currently lacking, and ApoA-I and CRP levels can be measured using a highly reproducible assay that can easily be conducted in all diagnostic laboratories. Thus, the combination of ApoA-I and CRP may serve as a novel prognostic stratification system for the overall survival of colorectal cancer patients.
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